INTRODUCTION
Since the introduction of laparoscopic surgery in the 1980s, minimally invasive surgery has arguably become the most important and rapid advancement in abdominal surgery over the past two decades. Presently, laparoscopic surgery is the surgical approach of choice for many abdominal operations, including cholecystectomies, (1) appendicectomies, (2) adrenalectomies (3) and colectomies. (4) Numerous randomised controlled trials have consistently demonstrated that laparoscopic surgery is superior to the open approach in terms of decreasing postoperative pain, hospitalisation duration, convalescence time and adhesion formation. (1, 4) Laparoscopic liver resection (LLR) was first reported more than two decades ago in 1992 by Gagner et al. (5, 6) However, its initial adoption by the surgical community was slow and the first surgical series of LLRs was reported almost ten years later by Cherqui et al in 2000. (7) Subsequently, the number of surgical series on LLR published in the literature has increased exponentially. (8) In 2009, a review by Nguyen et al reported that 127 original articles reporting on 2,804 LLRs were published in the literature. (8) The early widespread adoption of LLR had been largely hindered by the technical complexity of the procedure, which resulted in concerns about the increased risk of bleeding and adequacy of oncologic margins. (6) The first series of LLRs in Singapore was reported by Wang et al in 2009 , who described their experience with their first five LLRs. (9) Presently, the procedure has been adopted by most institutions in Singapore.
Over the past decade, LLR has increasingly been practised worldwide, albeit only in high-volume, highly specialised centres, and many investigators have since demonstrated the safety and feasibility of this approach. (8, 10) In 2008, an international panel of experts concluded that LLR is safe and effective, with the proviso that it is performed by trained surgeons proficient in both liver and laparoscopic surgery. (10) They further proposed that the laparoscopic approach should be the standard approach for resection of lesions located in the left lateral section (Segments II/III) of the liver. (10) Since the publication of these recommendations, numerous studies have been published demonstrating the safety and feasibility of LLR for major hepatectomies and resection of lesions located in the difficult posterosuperior segments. (11, 12) Subsequently, in 2014, the second consensus meeting for LLR was held in Morioka, Japan. Based on the available evidence, the panel of experts at the meeting recommended further expansion of the indications for LLR, including major hepatectomies and resection of tumours in the posterosuperior segments. (13) Despite the recommendations from the two consensus meetings, many liver surgeons remain doubtful and have raised questions about the safety of the widespread adoption of LLR and its reproducibility. (14) It was previously reported by early adopters that a surgeon needed to perform around 60 LLR procedures to achieve proficiency and overcome the learning curve. (6, 14) During the learning phase, most authors have reported increased open conversion rates, which would negate the benefits of minimally invasive surgery, and some have even reported poorer perioperative outcomes after open conversion. (14) (15) (16) (17) (18) The most common reason for open conversion during LLR is bleeding, which is well recognised as an important predictor of postoperative morbidity and mortality after liver resection. (17) Another major concern of LLR, especially when performed by less experienced surgeons, is the possibility of compromised oncologic margins. (16) Nonetheless, it is important to note that more recent studies have demonstrated that the learning curve of LLR can now be shortened. (14, 15, 19) This has been attributed to recent advancements in laparoscopic equipment as well as improvements in the surgical technique of LLR.
Today, the use of LLR has expanded to include not only major hepatectomies (20, 21) but also highly complex surgical procedures, such as resection of Klatskin tumours with bilioenteric anastomoses, (22) combined multiorgan laparoscopic resections, (23, 24) living donor major hepatectomies, (25) resection for ruptured tumours (26) and repeat liver resections. (27) In the present study, we report a large single-institution experience of LLR and its evolution since its initial introduction. To the best of our knowledge, this is the largest such experience of LLR from Singapore to date.
METHODS
All patients who underwent LLR at Singapore General Hospital, Singapore, from January 2006 to December 2014 were identified from a prospectively maintained surgical database. All patient data was obtained retrospectively from clinical, radiological and pathological records. Clinical data was collected from a prospective computerised clinical database (Sunrise Clinical Manager version 5.8 [Eclipsys Corporation, Atlanta, GA, USA]) and patients' clinical charts, whereas operative data was obtained from another prospective computerised database (Oracle Transportation Management 10, IBM, Armonk, NY, USA). In order to study the evolution and changing trends of LLR at our institution over time, we divided the study into three equal time periods, which were defined as Relevant perioperative outcomes were recorded, including operation time, blood loss, blood transfusion, postoperative morbidity and postoperative hospitalisation. Various operative techniques were adopted, depending on the individual surgeon's experience and location of the lesion. Our operative technique has been described previously. (13) Postoperative complications were classified according to the Clavien-Dindo grading system, (28) and postoperative mortality was defined as any death within 90 days of surgery or within the same hospitalisation.
In this study, only patients who underwent resection of liver lesions were included. Patients who underwent other laparoscopic liver surgeries, such as hepatic cyst fenestration, drainage of abscess, excision biopsy and local ablation, were excluded. In the present analysis, LLR included pure LLR as well as hand-assisted, robotic-assisted or laparoscopic-assisted liver resection. The fully laparoscopic approach was defined as any procedure that was completed entirely via the conventional laparoscopic approach using multiple ports or a single port. Hand-assisted laparoscopy was defined as any procedure in which the surgeon's hand was inserted into the abdominal cavity, usually using a specialised device such as the Gelport (Applied Medical, Rancho Santa Margarita, CA, USA). Laparoscopic-assisted resection was any procedure in which the preoperative plan was to mobilise the liver via laparoscopy and to complete the resection and parenchymal transection via a small open incision. All procedures that had a preoperative plan of pure laparoscopic resection but had to be completed via open incision were defined as an open conversion regardless of the size of the incision. Conversion from the fully laparoscopic approach to hand-assisted laparoscopy was not considered an open conversion. A close resection margin of less than 1 mm on histology was considered an R1 resection.
In general, the patient was placed in the supine position, with or without the legs apart. The operating surgeon stood either between the patient's legs or on the patient's right or left side. For lesions located in the right posterosuperior segments of the liver, the patient was placed in the 45° or full left lateral position. Intraoperative ultrasonography was routinely performed prior to resection. The liver parenchyma was transected using various devices, including the Harmonic Scalpel (Ethicon Endosurgery, Cincinnati, OH, USA), Enseal (Ethicon Endosurgery, Cincinnati, OH, USA), LigaSure (Covidien, Boulder, CO, USA), Thunderbeat (Olympus, Tokyo, Japan), Waterjet (Erbe, Tuebingen, Germany) or Cavitron Ultrasonic Surgical Aspirator (Valleylab, Boulder, CO, USA), depending on the individual surgeon's experience or preference. Large pedicles were stapled using endoscopic staplers or clipped. The Pringle manoeuvre was used for selected patients.
All statistical analyses were conducted using IBM SPSS Statistics version 21.0 for Windows (IBM Corp, Armonk, NY, USA). Univariate analysis was performed using Kruskal-Wallis test or chi-square test, as appropriate. All tests were two-sided and p < 0.05 was considered to be statistically significant.
RESULTS
During the study period, 195 consecutive patients underwent LLR at our institution. The baseline demographics and outcomes of these patients are summarised in Tables I and II . The median age of the patients was 60 (range 29-86) years and 121 (62.1%) patients were men. 24 (12.3%) patients underwent resection for multiple liver nodules. The pathologies of the tumours resected are summarised in Table III . The most common pathology was hepatocellular carcinoma (HCC), which was seen in 102 (52.3%) patients. 4 (2.1%) resections were performed as emergency procedures for ruptured hepatoma and multiloculated liver abscess. Laparoscopic approaches adopted included fullylaparoscopic liver resection in 177 (90.8%) patients (including three robotic-assisted procedures), hand-assisted laparoscopy (n = 6) and laparoscopic-assisted liver resection (n = 12).
abdominal surgery prior to LLR and 5 (2.6%) patients had previous liver surgery. Repeat liver resections were performed for recurrent HCC (n = 4) and colorectal liver metastases (n = 1). 76 (39.0%) patients had synchronous resections, which included colectomy, splenectomy, gastrectomy, porta hepatic lymphadenectomy and cholecystectomies. 68 (34.9%) patients had resection of posterosuperior liver segments, which were defined as the presence of lesions in Segments I, IVa, VII and VIII. (13) The median operation time was 210 (range 40-620) minutes, and 32 (16.4%) patients required intraoperative blood transfusions. The median postoperative stay was 4 (range 1-26) days. 3 (1.5%) patients with malignant tumours had R1 resections, with close resection margins of less than 1 mm on pathological investigation.
A total of 24 (12.3%) LLRs required open conversion to complete the procedure. The most common reason for open conversion was bleeding (n = 14), which included constant bleeding; 13 patients had slow progress and one patient required emergency conversion for massive bleeding. Another reason for conversion was the extent of the tumour, including additional tumours detected in four patients, poor tumour The types of LLR, which were categorised based on whether they were minor or major (≥ 3 segments) resections, are summarised in Table IV . 56 (28.7%) patients had previous localisation in two patients, difficult access/anatomy in two patients, concerns regarding adequate oncologic margins in one patient and adhesions at Calot's triangle during cholecystectomy from cholecystitis in the remaining patient. Conversion from a fully laparoscopic approach to hand-assisted laparoscopy was done for one patient. Overall, 40 (20.5%) patients experienced postoperative morbidity, among whom 29 (14.9%) patients experienced minor Clavien-Dindo Grade I or II complications ( Table V) . Major morbidity (Clavien-Dindo Grades III-V) occurred in 11 (5.6%) patients. This included postoperative mortality in one patient (Clavien-Dindo Grade V) with cirrhosis and HCC, who experienced intraoperative bleeding requiring open conversion. Postoperatively, the patient underwent early reoperation for postoperative bleeding from an anterior abdominal varix, which was successfully controlled. However, this patient subsequently developed liver failure, renal failure and pneumonia, eventually succumbing to sepsis, with multiorgan failure.
Comparison of the baseline demographic and perioperative data of patients who underwent LLR across the three time periods (Tables I and II) showed that LLR was significantly more likely to be performed for malignant lesions (Period 1: 54.5%; Period 2: 84.2%; Period 3: 81.8%; p = 0.011) and was increasingly performed for difficult posterosuperior segments (Period 1: 13.6%, n = 3; Period 2: 15.8%, n = 3; Period 3: 40.3%, n = 62; p = 0.009). There was no significant difference between the three time periods with regard to the other baseline clinicopathological variables.
Comparison of perioperative and oncological outcomes across the three time periods showed that the median operation time significantly increased over the study period There was no significant difference between the three time periods with respect to the other perioperative outcomes over time, such as intraoperative blood transfusion rate, median blood loss, postoperative morbidity and length of postoperative stay.
DISCUSSION
In this study, we noted that the number of LLRs performed at our institution increased exponentially over time, especially during Period 3 (2012-2014). The proportion of LLRs performed increased from less than 5% to over 25% of liver resections at our institution during the study period. This rapid increase in case volume could be attributed mainly to the strong desire and initiative of a group of younger surgeons with a keen interest in minimally invasive surgery. Several of these surgeons had returned from training stints abroad, where they learnt about LLR from experienced centres, gaining valuable experience. Over the study period, there was also a significant increase in the proportion of LLRs performed for malignant neoplasms and resection of tumours in the difficult posterosuperior segments. This finding suggests that the indication for LLR at our institution has expanded with increasing case volume and experience. Not surprisingly, there was also a significant increase in the operation times noted, which was associated with the increased frequency of more technically challenging procedures being performed. However, more importantly, and notwithstanding the increase in the duration of LLR, there was a decreasing rate of conversion to open surgery and postoperative outcomes remained similar, such as blood loss volume, intraoperative blood transfusion rates, postoperative morbidity and postoperative length of stay. Despite the rapid rise in the adoption of LLR worldwide, its use remains controversial at present. The main criticisms are related to the technical complexities of the procedure. (10, 13, 14, 16) Critics have questioned its reproducibility and widespread applicability outside of high-volume expert centres, as a relatively long learning curve is reportedly required to achieve technical proficiency. Valid concerns have also been raised about the safety of the procedure, especially during the learning phase and particularly with regard to bleeding and the adequacy of resection margins for tumours. Furthermore, during the initial learning curve, increased conversion rates, especially when they are due to bleeding, could theoretically negate most of the benefits of laparoscopy and may even result in poorer perioperative outcomes. (14, 15) Although early adopters reported a learning curve of around 60 procedures, (6) more recent studies have reported that this duration can now be shortened, especially for minor hepatectomies. (14, 15) In our recent study, we found that the learning curve for laparoscopic minor hepatectomies was around 20 procedures. (14) This is likely due to the increased standardisation of techniques for LLR and the rapid technological advancements in laparoscopic equipment, such as improved high-definition video systems and better energy devices. Various technical variations have been proposed as alternatives to the pure laparoscopic approach to overcome the technical difficulties of LLR, including laparoscopic assistance, hand-assisted laparoscopy and robotic-assisted laparoscopy. (29, 30) Recent data from numerous studies has confirmed the oncological safety of LLR. (31, 32) The short-term and long-term oncological outcomes of LLR are reported to be equivalent to those of open liver resection for malignant neoplasms, such as HCC and colorectal liver metastases. (31, 32) Furthermore, LLR is associated with superior perioperative outcomes, such as decreased postoperative pain, decreased blood loss and decreased hospital stay. (31, 32) However, it is important to note that LLR, as recommended by the international expert panel, should only be adopted in centres that have expertise on both liver resection and advanced laparoscopic surgery. (12) Proper training and credentialing are needed to ensure the safe dissemination of LLR. (9) Although many studies have reported on the safety and feasibility of LLR, publication bias is a real concern, as centres with lower case volumes and less successful outcomes may be less likely to report their experience. As with any laparoscopic surgery, conversion to open surgery should generally not be viewed as a complication, but as prudent care for LLR cases. (9) Surgeons attempting LLR should be ready to convert to open procedure for reasons such as lack of case progress or patient safety. (9, 16) Ideally, in emergency situations, bleeding should be temporarily controlled via laparoscopic techniques before conversion.
In conclusion, this study demonstrated that LLR is feasible and can be safely adopted. Over the study period, the case volume of LLRs performed increased rapidly at our institution. LLR was performed with increasing frequency for malignant neoplasms and for lesions in the difficult posterosuperior segments, which resulted in longer operation times. However, there was a decrease in the rate of open conversions, and no change in postoperative morbidity and other perioperative outcomes.
